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The explosive increase in the number of postdocs in biomedical ﬁelds is puzzling for many
science policymakers. We use our previously introduced parameter in this journal, the basic
reproductive number in academia (R0), to make sense of PhD population growth in biomed-
ical ﬁelds. Our analysis shows how R0 in biomedical ﬁelds has increased over time, and we
estimate that there is approximately only one tenure-track position in the US for every 6.3
PhD graduates, which means that the rest need to get jobs outside academia or stay in
lower-paid temporary positions. We elaborate on the structural reasons and systemic ﬂaws
of science workforce development by discussing feedback loops, especially vicious cycles,
which contribute to over-production of PhDs. We argue that the current system is unstable
but with no easy solution. Away tomitigate the effects of strong reinforcing loops is full dis-
closure of the risks of getting PhD. © 2014 The Authors. Systems Research and Behavioral Sci-
ence published by John Wiley & Sons Ltd.
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Graduating a new PhD may be very different
physically from giving birth to a new baby. Ges-
tation periods are certainly different: 9months
for babies versus four to ﬁve years to the hooding
ceremony, the moment when the professor brings
the new PhD into the world. But they may not be
that different conceptually. After all, just as par-
ents love their children, professors often love
their students, rejoice in seeing them ﬂourish,
and are proud when they successfully defend
their dissertations. It is even common for profes-
sors to view their PhD graduates as surrogate
sons and daughters; in Germany, a PhD thesis
advisor is even called a Doktorvater or a
Doktormutter.
The similarities between parent and professor
go even further: they both contribute to popula-
tion growth. Parents grow the human popula-
tion; professors grow the population of PhDs.
Why does this matter? If a population grows
too quickly, resources will become depleted,
resulting in poorer economic conditions, stress
on public infrastructure, and increased competi-
tion for employment opportunities. While the
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resources may be different, this is no different for
the PhD population than it is for the human
population.
More than a century ago, demographers
established a parameter to provide a ﬁrst-order
insight into population growth: R0, the basic re-
productive number. R0 is deﬁned as the mean num-
ber of female children a newly born baby girl will
have during her lifetime. For the United States R0
is close to 1, implying a relatively steady popula-
tion. When R0 is greater than 1.0, we see expo-
nential population growth.1
Extending our analogy between giving birth to
babies and PhDs, we deﬁne R0 in academia as
‘the mean number of new PhDs that a newly
minted tenure-track assistant professor will grad-
uate during his or her academic career’ (Larson
et al., 2014). The parameter offers a quick ﬁrst-
order insight about population growth in acade-
mia. We estimated R0 for different ﬁelds and dur-
ing different periods.
Figure 1 offers one example from biomedical
sciences. There are various troubling indicators
about science workforce in biomedicine. Explo-
sive increase in the number of postdocs, hyper-
competition and low rate of grant proposal ac-
ceptance, increasing age of ﬁrst-time grant
awardees, and short-term thinking in research
projects have been noticed and referred as ‘sys-
temic ﬂaws’ in biomedical research (Teitelbaum,
2008; Alberts et al., 2014). The symptoms can also
be seen in the trend of R0. The ﬁgure implies that
R0 in biology and biomedical sciences is increas-
ing and is far from equilibrium, having reached
6.3—way out of the range of typical reproductive
numbers in human population growth.
High R0, because it pushes up against resource
limitations, has major policy implications. What
are the consequences of a high R0 for PhD popu-
lation growth?
As Figure 1 shows, the number of tenure-track
positions in biomedical sciences in the United
States has been relatively constant for three
decades. When the number of positions is con-
stant, the entry rate into academia must equal
the exit rate: each entrant must replace the va-
cancy left by his/her advisor. But if each profes-
sor ‘gives birth’ to more than one PhD during
that career, and only one can replace him/her—
in other words, if R0 is greater than one, then
(R01) new PhDs would have to take temporary
and lower-paid positions in academia, pursue
their futures outside academia, or migrate to
other countries. A simple estimation reveals that
such outmigration is not the desired plan for
more than 95% of PhD graduates.3 Figure 1 im-
plies that given the current PhD ‘birth rate,’ for
every new biology and biomedical science PhD
who lands a tenure-track academic position there
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1 The concept of R0 has been also used by epidemiologists to represent
growth in the population of people with infectious diseases. Histori-
cally, they have borrowed the concept from demographers and have
deﬁned R0 as the mean number of people a newly infected person will
infect in a fully susceptible population. For a brief history of R0 see:
Heesterbeek (2002).
Figure 1 Change in number of tenure-track faculty members
and PhD graduation rate in biological and medical sciences,
and estimated R0 in three time intervals
2
2 Based on authors’ calculation from FASEB (2013). Field deﬁnitions
are the same as reference FASEB (2013). For career duration, estima-
tions from Larson and Gomez Diaz (2012) is used (before 1995:
17.6 years, and after 1995: 21.6 years). See the discussion on the sensi-
tivity of the results to these assumptions in Larson et al. (2014). Final
estimated R0 is very close to NSF’s 2010 reported measures on the per-
centage of PhD graduates that land academic positions 9–10 years
post-PhD and after more than 10 years Post-PhD (NSF estimations:
%23.6 and 29.3%, ours: 1/R0 =%22.4 and 29.4% respectively). We esti-
mate that 19.6% of PhD graduates of 2005–2006 have landed or ulti-
mately land tenure track position. NSF reports that in 2010, 16.7% of
them have already landed tenure-track positions. Furthermore, our
R0 = 6.3 estimation for biological and medical sciences is consistent
with Schillebeeckx et al. (2013, p.938) statement that ‘there are seven
times more PhDs awarded in science and engineering than there are
newly available faculty positions.’
3 NSF reports that 22% of PhD students in Biological/agricultural sci-
ences are international and more that 80% of them plan to stay in the
United States (FASEB, 2013). Assuming that U.S. citizens prefer to stay
home, less than 5% of PhD students have outmigration as their desired
plan. This is of course the ‘desired’ plan. Since there are not enough
jobs, not all of the 80% end up staying in the US after graduation. Finn
(2014) estimates 72% actual stay-rate ten years after graduation.
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are at least 5.3 who ought to be pursuing other
opportunities, that is, 84% of new PhD graduates.
Why ‘at least’? The duration of an academic ca-
reer is not necessarily constant, and with longer
duration the number of new hires must decline
to keep the number of professors constant. We
see several indicators of lengthening academic
career duration. Since 1980, new faculty hiring
has declined with the abolishment of mandatory
retirement by the U.S. Congress. Full professors
today can stay on past age 65 or even 70. The
net result is longer faculty careers and a reduc-
tion in the rate of new hires. Our calculations
suggest this phenomenon may result in an
assistant-professor in-ﬂow reduction of 10-to-
20% (Larson and Gomez Diaz, 2012). In addition,
high R0 means more applicants and competition
for each job opening in academia. Having fewer
openings increases the quality of new hires,
which translates to higher likelihood of getting
tenure, leading to a declining trend in openings
due to longer faculty careers.
Another consequence of high R0 is the dramatic
growth in the number of postdoctoral associates
(postdocs). Why has that number in biological
and biomedical sciences more than tripled in the
past 30years, now exceeding 40000 (FASEB,
2013)? Consider another analogy, this one from
physics: If water inﬂow to a bathtub exceeds the
outﬂow, it accumulates and eventually overﬂows.
Similarly, when the PhD production rate (inﬂow)
exceeds outﬂow as measured by tenure-track fac-
ulty hiring rate and industry’s intake, PhDs accu-
mulate elsewhere. For many PhDs, the rational
decision is to take a temporary position as a way
to gain more research experience and publica-
tions, and increase their chances of landing a
tenure-track position. In addition, more postdoc
opportunities in the United States attract PhD in-
ﬂow from international institutions (Teitelbaum,
2008; Ghaffarzadegan et al., 2014a, 2014b).
Universities beneﬁt from hiring this relatively
low-pay, highly trained workforce. Postdocs help
faculty members handle more research projects,
which further contributes to the growth of new
PhDs, a reinforcing feedback loop. Due to the
abundance of lower-wage lecturers, in many in-
stitutions professors are also encouraged to buy
out their teaching responsibilities, which leads
to even greater focus on research and thus to ad-
vising even more PhD students. These reinforc-
ing loops lead to higher PhD birth rates.
High R0 results in underemployment. As the
queue for academic appointments increases, more
PhDs turn to opportunities in industry and re-
search centers. In certain areas, such as nanotech-
nology or biomedical engineering, PhDs are hired
speciﬁcally for their expertise to conduct research
and development. For some others, master’s or
even bachelor’s degrees are sufﬁcient. If the jobs
that do not require higher-level degrees are taken
by the most educated portion of the population, a
bachelor’s or master’s graduate might perceive
the PhD degree as a necessary credential to in-
crease the chance of getting the job. The result is
more education not because it is necessarily useful,
but because it offers an individual competitive
advantage, another reinforcing feedback.
Our points echo others on the urgent need to
reform doctoral training and research programs
(e.g.Cyranoski et al., 2011; Schillebeeckx et al.,
2013; Alberts et al., 2014). All these reinforcing
feedback loops are rapidly growing the PhD pop-
ulation. Applications to PhD programs in general
show no sign of stabilization or decline, despite
the time required and the low-paid temporary
jobs during and after the degree is earned. Appli-
cations to doctoral programs in health and
biological sciences have been growing exponen-
tially (FASEB, 2013). As results of the PhD popu-
lation growth, most new graduates face an
environment with ever-declining resources per
capita, career instability, and future uncertainties.
How can we escape from all these reinforcing
feedback loops? It seems a pertinent policy
question.
Many scientists argue for a rapid and signiﬁ-
cant increase in research funding to protect
young, unestablished researchers (Alberts,
2013). We see that as an unsustainable policy.
Short-term, abrupt increases in new funding re-
sult in medium-term declines in new awards,
since inevitable ﬂat budgets need to cover com-
mitments made in the just-completed growth
years (Larson et al., 2012). Furthermore, more
funding supports exponential growth, resulting
in more students, a higher PhD birth rate, more
future researchers, and a vicious cycle that leads
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to yet more demand for funding (Gomez Diaz,
2012). Nor does it help to increase academic
openings: more tenure-track positions lead to
more PhD students and graduates, magnifying
the reinforcing effect of high R0s. Each individual
actor—professor, doctoral student, and graduated
PhD—is simply acting in her/his best interests.
It seems that the system structure of graduate
education, the professoriate, and the national re-
search enterprise are the drivers of doctoral
growth.
We know of no easy way to control the PhD
population; a good start might be to insist on a
fully informed conversation between ‘parent-to-
be’ and ‘child-to-be.’ Many students walk into
PhD programs hoping to climb the academic lad-
der to a tenure-track position. It is important that
these students understand the post-graduation
career landscape before investing four or more of
their most productive years in PhD programs.
Faculty advisors should provide full disclosure
of the career statistics of recent PhDs in their re-
search domains: mean number of years as a post-
doc; fraction who obtain tenure-track positions;
number of applicants per job opening in acade-
mia (and, consequently the rejection rates); prob-
ability of getting a grant proposal funded by NIH
or NSF; mean age at ﬁrst signiﬁcant research
award; and so on.
Perhaps only full disclosure of the risks and
beneﬁts of ‘birth’ will decrease the birth rate. In
fact, a good thing about prospective PhDs is that
they can decide for themselves whether they
wish to be ‘born’!
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